PCR-RAPD markers revealed individual variation in F. ornus. A total of 122 fragments were amplified using 7 primers and of these 97 fragments were polymorphic. The percentage of polymorphic loci was between 53.3% and 74.6% with an average of 63.1%. The mean gene diversity for all populations was 0.30 and the mean Shannon's index was 0.44. Of the total genetic variation 87% was intra-population whilst 13% was inter-population. The Mantel test revealed significant correlation between genetic and geographical distance matrice. Results herein represent the first use of molecular genetic (DNA) markers to characterize genetic variation in F. ornus populations. The partition of total genetic variance indicates a relatively restricted population differentiation as expected in outcrossing species. Present and future information on genetic structure and variability in F. ornus needs to be incorporated into strategies for the preservation of genetic resources of tree species.
INTRODUCTION
The existence of genetic diversity within population of forest trees results in enhanced individual fitness, balances various changes originated from the environment and provides forest regeneration and succession processes, which, ultimately, contributes to conservation of natural resources (BOJOVIC et al. 2000 , BOOTH & GRIME, 2003 RAJORA & PLUHAR, 2003; BOJOVIC et al. 2005 , NAVASCUES & EMERSON, 2007 BOJOVIC et al. 2011; NIKOLIC et al. 2011; POPOVIC et al. 2012) . The main source of biodiversity is based on genetic variation (ULUKAN, 2011) which determines the forest tree species capacity of adaptation to environmental conditions and represents the basis for tree improvement through selective breeding.
In modern research methods, genetic markers give an insight in the amount and distribution of genetic variation within and among populations. In 1990, RAPD markers (randomly amplified polymorphic DNA) were developed independently by two different laboratories (RAHMAN et al., 2006) . These markers were generated by amplification of random DNA segments with short primers (generally 10-base oligonucleotides) of arbitrary nucleotide sequences, by the Polymerase Chain Reaction (PCR), and they have been extensively used to detect variations of individual (BELAJ et al., 2004) , intra-specific (ZHANG et al., 2002) , interspecific (SHASANY et al., 2005) , between plant populations (ETISHAM- UL-HAQ et al., 2001) , taxa (ROMAN et al., 2003) , and hybrids (TRIEST et al., 2000; RAJORA & RAHMAN, 2003) . The advantages of these markers over biochemical markers (isozymes) and other molecular genetic markers (RFLP, microsatellites) are that large numbers of samples can be analyzed economically and quickly, that only micro-quantities of material are needed, that the specific DNA fingerprints obtained are independent of ontogenetic expression, that most of the genome can be sampled with a potentially unlimited number of markers, and there is no requirement for prior knowledge of the genome being studied (BARDAKCI, 2001) .
However, RAPDs markers also have some disadvantages, the most important being low level of reproducibility and dominant expression, not allowing a clear difference between dominant homozygotes, recessive homozygotes and heterozygotes (NYBOM, 2004) . However, these problems of early RAPD analyzes can now be overcome through careful optimization of reaction conditions and improved band scoring procedures. Adequate statistical methods such as analysis of molecular variance (AMOVA) (EXCOFFIER et al., 1992 ) and Nei's unbiased statistics (NEI, 1978) are now available that circumvent this problem. Despite above mentioned constraints, the use of RAPD markers is recommended for a first appreciation of genetic variation and structure, especially in natural populations of forest trees (DVORAK et al., 2002) , and they have been successfully used in the most recent studies (CHENG et al., 2002; HARDY, 2003; BELLETI et al., 2008) .
Fraxinus ornus L. (manna ash) is mainly a Mediterranean forest tree species of wide ecological amplitude. In the region of Serbia and Montenegro, large-scale afforestation with F. ornus was performed during the fifties of the last century for aimed at preventing erosion and regulating river courses. Because of the deforestation in this region during the past decade, the intensified reforestation with F. ornus has again become a necessity. F. ornus is also an ornamental tree cultivated on Sicily and Calabria (Italy) for production of edible manna (the substance is a mild laxative and an excellent purgative). In terms of floral biology, F. ornus is androdioecious; an extremely rare form of sex expression defined by a simultaneous presence of male and hermaphrodite individuals in a breeding populations. It is a rare and original system, both from theoretical and from empirical points of view.
Until the early 1990s genetic polymorphism studies were rare or non-existant for the majority of European deciduous tree species. Since then the main focus of the studies has been extended to the majority of European deciduous tree species including genus Fraxinus (NOWAKOWSKA et al., 2004; PVINGILA et al., 2005) and to date there has been no analyses of F. ornus populations. In this study, RAPDs were used to assess the genetic diversity and population structure of natural populations of F. ornus from Serbia and Montenegro. This allows the definition of genetically distinct units needed for conservation purposes.
The specific objectives of the present study were: (1) to find PCR-RAPD markers revealing individual variation in F. ornus and (2) to analyze the genetic structure of F. ornus by evaluating the degree of intra-and inter-population genetic variation.
MATERIALS AND METHODS

Plant material
Five populations of F. ornus L. were analyzed, altogether 150 adult trees (with approximately equal share of male and hermaphrodite individuals) (Fig. 1) . These are the natural populations which populate the biogeographically contrasted zones of the range in Serbia and Montenegro (TOMIĆ, 2006) . 
DNA extraction
DNA was extracted from the leaves of adult trees. Approximately 5 g of leaf tissue were ground to fine powder in liquid nitrogen and quartz sand in a mortar and pestle. The powdered tissue was suspended in 21 ml of extraction buffer (0.1 M Tris-HCl pH 8; 0.05 M EDTA pH 8; 0.1 M NaCl; 1% SDS). The homogenate was then incubated at 65 °C for 20 min with occasional mixing. Seven ml of potassium 5 M acetate (pH 9.25) was added and the tube was placed on ice for 20 min. After centrifugation (3500 rpm, 0 °C, 20 min), 1 ml of ammonium acetate 10 M pH 7.5 and 1 volume of isopropanol was added and the sample was placed on ice for 20 min. The pellet obtained after centrifugation (3500 rpm, 0 °C, 10 min) was rinsed with 70% ethanol, dried and then resuspended in 1 ml of 50 mM Tris-HCl, pH 7.5/EDTA 10 mM buffer. The sample was then incubated for 30 min at 37 °C with RNase A (100 µg ml -1 ) then Tris 10 mM, pH 7.5/EDTA 1 mM was added to give a final volume of 6 ml and this was extracted with a phenol/chloroform mix (1:1 phenol : chloroform). The aqueous layer was removed and the DNA was precipitated by addition of 0.1 volume of 7 M ammonium acetate (pH 7.4) and 1.5 volume of isopropanol. To eliminate the traces of phenol, the DNA pellet was rinsed with 70% ethanol. The final pellet was vacuum dried and dissolved in 1 ml of TE buffer and stored at 4 °C.
DNA amplification conditions
Amplification was carried out with 100 ng of DNA in a 25 µl total volume, with 2.5 µl of reaction buffer PC2 10X (Ab Peptides), 5 nM of dNTP (200 µ M), 50 pM of each primer (2 µM) and 3.75 units of Klen Taq DNA polymerase (Ab peptides). Forty one RAPD decamer oligodeoxynucleotide primers were used for screening: 40 (kits G, H with 20 primers in each kit) purchased from Operon Technologies (Alameda, California, USA) and 1 primer (OPO-08) purchased from GIBCO BRL (Custom Primers, Life Technologies, Gaithersburg). The thermocycler program was as follows: preliminary denaturation (3 min at 94 °C) followed by 40 cycles consisting of denaturation (30 sec at 94 °C), annealing (1 min at 35 °C), extension (2 min at 72 °C) and a final extension (5 min at 72 °C). The DNA fragments were separated in 1.5% agarose gels in buffer TAE (Tris-base 40 mM, sodium acetate 20 mM, EDTA 1mM, with pH 7.2 adjusted with glacial acetic acid). Only data from clear, intensely staining unambiguous bands were used for analysis. The reproducibility of an amplified fragment pattern was tested in at least two independent experiments.
Data analysis
DNA profiles were scored as present (1) or absent (0). A fragment (loci) was considered to be polymorphic if the presence and absence of the band were observed and monomorphic if the band was present among all individuals. The analysed loci have the observed frequency less than 1-(3/n), where n is the number of individuals in analysis (LYNCH & MILLIGAN, 1994) . Diverse parameters were calculated: Nei's (NEI, 1973) gene diversity (h), Shannon's information index (LEWONTIN, 1972) (I), the percentage of polymorphic RAPD loci (p), the partition of total genetic variance, Nei's unbiased measures of genetic identity and genetic distance (NEI, 1978) . Parameters h, I and p were calculated for each population, as well as the mean value for all populations. The partitioning of total genetic variance was examined by analysis of molecular variance (AMOVA). Partition of molecular variance was tested at two hierarchical levels: among individuals within populations and among the populations. The number of permutations for significant testing was set at 1000 for analysis. The genetic distance matrix calculated among populations by Nei's unbiased distance estimate (NEI, 1978) . Geographic distances among populations were estimated from coordinates obtained using a geographical positioning system. The relationship between the Nei's distance matrix (unbiased estimate; NEI, 1978) and the matrix of geographic distances was analysed using a Mantel test. Significance values were obtained using resampling techniques with 999 permutations. Genetic diversity parameters: h, I, p and Nei's unbiased measures of genetic identity and genetic distance (NEI, 1978) were calculated by the software POPGENE 1.31 (SCHNEIDER et al., 1997) , AMOVA by ARLEQUIN 1.1. (YEH et al., 1999) and Mantel test by TFPGA 1.3 (MILLER, 2000) .
RESULTS AND DISCUSSION
Results herein represent the first use of molecular genetic (DNA) markers to characterize genetic diversity in F. ornus natural populations. Our results indicate that PCR-RAPD markers are sufficently informative and powerful to assess genetic variability in F. ornus. RAPDs were shown to be sensitive for detecting individual variation of F. ornus. Out of 41 primers tested, 7 resulted in polymorphic banding patterns (Table 1 ). These primers with arbitrary sequences of 10 nucleotides had G+C contents ranging from 60% to 70%. A total of 122 fragments were amplified and of these 97 fragments were polymorphic. The size of the fragments varied from 0.43 to 2.30 kilobase pairs (Kb). Fig. 2 shows part of the F. ornus genetic polymorphism revealed with primer OPG-07. The percentage of polymorphic loci was relatively similar across populations, ranging between 53.3% (A) and 74.6% (D), with an average of 63.1% (Table 2 ). The range of variation in gene diversity (h) between the populations was from 0.25 to 0.34, with the mean gene diversity for all populations 0.30. The relative degree of diversity in each population as measured by Shannon's index varied from 0.38 (C) to 0.51 (E). The mean Shannon's index for five populations was 0.44.
Our results indicate that 12.6% of the total genetic diversity is attributable to the differences among populations and 87.4% is within-population variation (FST in the molecular variance analysis = 0.13, P<0.05, tested using 1023 random permutations). Except among the populations D and E, all pairwise FST values derived from AMOVA were significant (P<0.05) when individual pairs of populations were compared. The geographic structuration of the diversity can be analysed by the Nei unbiased genetic distances (NEI, 1978) among populations (Table 3 ). The highest genetic distance was found between the C and E (0.09) and the lowest between the D and E (0.01). The dendogram based on Nei's unbiased genetic distance matrix reveals a distinct grouping structure among populations (Fig. 3) . The Mantel test revealed significant correlation between genetic and geographical distance matrice (r=0.63, P<0.05). (Nei's unbiased estimate; Nei, 1978) (Nei 1978 , unbiased estimate, Table 3 ). Population codes are indicated in Fig. 1 .
Our RAPD-based AMOVA studies show that most genetic variation in F. ornus is distributed within populations rather than between them, indicating a relatively restricted population differentiation as expected in outcrossing species. Of the total genetic variation, 87% was within population and 13% was among population variation. BLUMENRÖTHER et al. (2001) observed that species with large geographic ranges (e.g. Pinus sylvestris) tend to show little genetic differentiation among populations within regions, but greater differentiation among populations derived from different glacial refugia. Our data seems to confirm a similar pattern holds in F. ornus with RAPD markers in the continuous distribution in the region of Serbia and Montenegro.
Outcrossing woody plants generally show high levels of within population genetic diversity with RAPD markers. Overview of patterns of genetic variation within and among plant populations by RAPDs shows that widespread, outcrossing species should have a high proportion of the total genetic variation within populations and a low proportion among populations. It seems that the deciding factors in the distribution of the genetic variability are the method of reproduction and distribution (RAO and HODGKIN, 2002) . In the case of F. ornus, the share of within populations variability is higher than in the species with discontinuous distribution, and lower than in the species with continuous distribution, with high outcrossing rates, which suggests that the method of reproduction and the distribution also affect the distribution of the genetic variability in F. ornus (Table 4) . F. ornus expresses a constant tendency to expand, which is confirmed by its wide range of distribution. Also, it is an androdioecious plant and hence is mainly out-crossing, there is also a potential for inbreeding (DOMMEE et al., 1999) , and after BUSSEL (1999) inbreeding decreases the within populations variability.
The genetic distance tended to increase with increasing geographical distances between populations. Significant relationship was found between geographical and genetic distance among populations (r = 0.63, P<0.05). This is an indication that isolation by distance is the process accounting for the distribution of genetic variation among populations within the region. The greatest value of Nei's unbiased genetic distance (NEI, 1978) among the study populations of F. ornus, C and E is 0.089. This value is considerably lower than the value of the highest genetic distance reported by PVINGILA et al. 2005 for Fraxinus excelsior (0.209). Also, the range of variation in NEI's (1973) gene diversity (h) between the F. ornus populations was (0.254-0.343) and it is similar to those reported by PVINGILA et al. (2005) for Fraxinus excelsior (0.210-0.365) and by ISHIDA and HIURA (2002) for Fraxinus lanuginosa (0.22-0.34).
Our results also confirmed that RAPDs are sufficiently informative and powerful to assess genetic variability in F. ornus. The advantages of this method (non-expensive, simple, quick, uses specific DNA fingerprints and, therefore, correlate directly with genomic DNA structure) prevail over its disadvantages (mainly dominant markers, not allowing a clear difference between dominant homozygotes, recessive homozygotes and heterozygotes (LEE et al. 2002) . In many cases, including the results reported herein, RAPD markers can open the "research runways" to other, more informative markers (VAN TIENDERNEN et al., 2002) . These more informative, but more difficult to use and more expensive markers, can be used in more specific and deeper analyses. 
